forward and backward probability densities of voltage activation. The application of linear response approximation to the protein/membrane/electrolyte system yields the equilibrium fluctuation-response relation for gating charge in a way that best reflects voltage sensitivity in ion channels. The theoretical framework is applied to modeling Ci-VSD activation, using our coarse-grained model of voltage coupling that include electrode, electrolyte, membrane and protein. Our CG model reproduces the observed gating charge of Ci-VSD activation in several different perspectives, offering a unique viewpoint on the nature of gating charge. The energetics of CG model yields capacitor-like voltage dependent free energy parabolas, providing the equilibrium free energy difference and the free energy barrier between the resting and the activated states of Ci-VSD. Significantly, the voltage dependent free energies allow for a direct evaluation of the Q-V curve (along with the voltage dependent capacitance) that is in a good agreement with the observed measurement of Ci-VSD voltage activation. Overall, our framework bring new perspectives to the thermodynamic models of voltage activation in voltage-sensitive membrane proteins, offering an intuitive and quantitative framework for a better understating of the structure-function correlations of voltage gating in ion channels as well as electrogenic phenomena in ion pumps and transporters. Our framework also provides an explicit connection between the CG model of voltage coupling and the macroscopic continuum model, offering a new microscopic perspective to the capacitor model of the treatment of ion channels and transporters. Computational Biomolecular Dynamics Group, Max Planck Institute for Biophysical Chemistry, Göttingen, Germany. Sensitivity to voltage stimuli is a defining property of electrical excitability and is found in ion channels with dedicated voltage sensors, but also in other channels, transporters and even metabotropic receptors. Voltage dependence is conferred by an effective transmembrane charge transfer that can be attributed to global or localized conformational changes, ion or ligand binding, protonation or changes in water accessibility that reshape the electric field. The Computational Electrophysiology protocol, CompEl, (Kutzner et al., Biophys J. 2011), introduced into GROMACS (Abraham et al., 2015, SoftwareX) , allows for simulations of realistic transmembrane potentials by all-atom MD. CompEl generates well-defined ion driving forces by maintaining slight ion number differences between two aqueous compartments in a two-bilayer simulation system and has proven successful in the investigation of ion conduction and selectivity of various ion channels (Köpfer et al., Science 2014; Machtens et al., Cell 2015) . Gating charge calculations provide insights into molecular bases of voltage sensing and the comparison with experiments furthermore allows refining models of protein structures. We here present an efficient protocol for gating charge calculations using CompEl. Using an antiparallel, symmetric system and considering the bilayer as a capacitor, we simulate the process of membrane charging by ions to investigate the resulting V-Dq relationship. Thereby we directly determine the gating charge and the change in capacitance associated with any conformational change, taking all possible causes of voltage sensitivity explicitly into account. The decomposition of the gating charges into additive contributions from, e.g., protein, water or solutes, permits direct mechanistic insights into the utilized mechanisms of voltage sensing. The contribution of individual side chains to the total gating charge can be easily determined. We illustrate the method on the Kþ channel Kv1.2 and the voltage sensor of the voltage-sensitive phosphate Ci-VSP. The canonical voltage-sensing domain (VSD) is a conserved structural module that transduces the electric field across cellular membranes into defined protein motions of its charge-rich helix, the S4 segment. Up on depolarization, the VSD rearranges from the 'resting' (or 'down') state conformation into the 'active' (or 'up') state conformation, which in turn regulates the motion of downstream modules of the protein, such as opening of the pore domain of a voltage-gated ion channel or the activity of an enzyme. The voltage-sensing process has long attracted much interest and fruitful results have been reported using a variety of functional, spectroscopic and structural approaches. Recently, we solved crystal structures of the VSD of the Ciona intestinalis voltage-sensing phosphatase Ci-VSP in both it resting (Down) and activated (Up) conformations. Comparison of the two structures reveals an~5-Å three-residue displacement of the S4 segment along, together with an~60 rotation around, its axis (called the oneclick gating motion), while the S1-S3 segments remain fairly stable. Using 2-D self-learning umbrella sampling molecular dynamics simulations, combined with homology modeling and the string method, we have now calculated the free energy landscape governing the conformational changes of Ci-VSD. These calculations have allowed us to explore the energetic viability of further up (one-click up) and further down (two-clicks down) conformations, as potential mechanisms for additional charge translocation. These conformations should advance our understanding of the detailed mechanisms of voltage-gating and allow for the design of new experiments aimed to verify the present model of S4 movements and gating charge translocation.
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Modeling of the Small-Conductance Calcium-Activated Potassium Channel and Cardiac Alternans Matthew Kennedy, Donald M. Bers, Nipavan Chiamvimonvat, Daisuke Sato. UC Davis, Davis, CA, USA. The small-conductance calcium (Ca)-activated potassium (SK) channel has been found in cardiac myocytes. However, the role of the SK channel in the development of arrhythmias is not well understood. In this study we develop a novel computational model of the SK channel and integrate it with a physiologically detailed ionic model of a ventricular myocyte. Our model shows that the SK channel current (I SK ) shortens the action potential duration (APD) at fast and slow pacing cycle lengths (PCLs), but not at intermediate PCLs. These results are consistent with experimental observations by Hsieh et al. Using this model, we investigated the dynamics of voltage and calcium alternans. Since the SK channel in the ventricular myocytes was found in failing hearts, we varied the maximum conductance of I SK to mimic healthy and failing hearts. Typical healthy myocytes show electromechanically concordant alternans during fast pacing. We found that as the maximum conductance of I SK was increased, electromechanically concordant alternans became electromechanically discordant when alternans are Ca-driven. These findings shed light on the underlying mechanisms of cardiac alternans, especially for failing hearts. Cystine knot peptides found in the venoms of predatory invertebrates have been a valuable source of potassium channels inhibitors. One of the most intensively studied inhibitory cystine knot peptides is charybdotoxin (CTX) from the scorpion Leiurus quinquestriatus. CTX binds to the outer vestibule of certain members of the mammalian Kv1 potassium channel family with high affinity, including Kv1.2 and Kv1.3. However, neither Kv1.4 nor Kv1.5 channels are inhibited by CTX. Starting with a crystal structure of the Kv1.2-CTX complex, we used Rosetta structural modeling to build homology models of the Kv1.4 and Kv1.5 106a Sunday, February 28, 2016 
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